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(54) Aqueous diapersion for chemical mechanical polishing 



(57) There is provided an aqueous dispersion for 
CMP with an excellent balance between diemlcal etch- 
ing and mechanical polishing peiformance. The aque- 
ous dispersion for CMP of the invention is characterized 
by comprising an abrasive, water and a heteropotyacid. 
Another aqueous dispersion for CMP according to the 
invention is characterized by comprising an abrasive, 
water, a heteropoiyadd and an organic acid. Yet another 
aqueous dispersion for CMP according to the Inventon 



Is characterized by comprising colloldai sliica with a pri- 
mary particle size of 5-100 nm, water and a heteropol- 
yacid. Preferred for the heteropolyacid is at least one 
type selected from among silicomolytidic acid, phospho- 
rotungstic add, sHIcotung^ add. phosphoromotykxiic 
acid and silicotungstomotybdic add. Praferrsd for the 
organic acid is at least one selected from enrK>ng oxalic 
add, malonic add, suodnic acid, glutaric acid, adiplc ac- 
id, maleb acid, fumarlc add, phthallc add. malte add, 
tartaric add and dtric add. 
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Description 

[BACKGROUND OF THE rNVEMTION] 

5 [ReW of tho Invention] 

[0001 ] The present Invention relates to an aqueous dispersion for chemical mechanical polishing. More spedficaOy, 
the Invention relates to an aqueous diversion ^at is partlcutarty useful for chemical mechanical poilshir^ of metal 
layers during production steps for senrdconductor devices. 

10 

[Description the Prior Art] 

[0002] Improvements in degrees ot semiconductor device integration and increased muttitayer wiring have (ed to the 
Introduction of chemical mechanical polishing (hereunder refen^ to as X)MP") techniques for polishing of woridng 

f 5 fiinris and the lli(e. As disclosed in Japanese Laid-open Patent Publication No. Sho«e2*1 02543, No. Sho-64-5S845 and 
No. Hei-5-275366, Published Japanese translations of PCX Intemationa] publication for patent applications No. Hei- 
8-510437, and Japanese Uid-open Patent PubHcatlon No. Hei-8-17831. No. Hel-8-197414 and No. Hei-10-44047, 
tl^ere are employed methods whereby wiring is formed by embedding a wiring material such as tungsten, aluminum 
or copper in a hole or trench fomiied In the Insulation film of a process wafer, and then renrK>ving the excess wiring 

^ material by CMP 

[0003] In this CMP process, the chemical etching and mechanical polishing must be effectively incorporated together 
and the balance between the chemical function and mechanicat function Is important for obtaining a polished surface 
with sufficientiy high precision. 

[0004] Many types of aqueous disperelons have been proposed as compositions for CMP, and in recent years par- 
ticutar emphasis has been on improving the chemical etching function. For example, in Japanese Patent Publication 
No. Hel-6-1 03681 there Is disclosed a polishing composition comprising abrasive particles, a transitional chelate salt 
and a solvent that dissolves the salt In Japanese Laid-open Patent Publication No. Hel-6-313184 there is dlsdoeed 
a polishing composition composed of a polishing material comprising an aqueous colloidal siQca sol or gel and a pol- 
ishing accelerator comprising a persulfuric acid salt. In Japanese Laid-open Patent Publication No. Hei-7-23348S there 

so is described a polishing composition containing aminoacetic acid, amidosulfuric acid, an oxidizing agent and water. In 
Japanese Laid-open Patent Publication No. Hel-11-1354e7 there is described a polishing composition containing a 
tetravalent cerium salt in aqueous solution. In Japanese Laid-open Patent Publication No. Hel-1 0-265766 there is 
described a polishing composition comprising a combination of hydrogen peroxide and a catalytic amount of iron ion. 
However, while these polishing compositions ail have greater chemical etching ability and higher removal rates, the 

35 balance with the mechan icai polishing ability Is insufficient, such that the wiring materials undergo excessive etching, 
corrosion traces are left on the polishing surfaces, and dishing, thinning and keyholes are produced on plug surfaces, 
creating a problem in that satisfactory finished surfaces cannot be obtained. 

[0005] The mechanical polishing ability depends largely on the abrasive, and inorganic particles such as stiica and 
alumina particles have been commonly used in the prior art Such inorganic particles must be stably dispersed In a 
40 siuny, but problems such as InstabORy and aggregate f onnatlon sometimes occur because of reduced colloid stabHI^ 
due to additives such as polishing aoceierators . sedimentation in a sluny during storage, and the like. The aggregales 
produce nicks (scratches) in the polishing surface, and this leads to reduced yields. However, no aqueous dispeiston 
for CMP has yet been pr(^)osed that provides both the chemnal etching ability described above and stabiltty of the 
abrasive in the aqueous dispersion. 

45 

(SUMMARY OF THE INVENTION] 

[Problems to be Solved by the Invention] 

so [0006] The present invention b a^ed at overcoming the aforementioned problems of the prior art, and it provkles 
an aqueous dispersion for CMP that has an excelient balam:e between chemical etching and mechanical polishing 
ability. That is. the object of the present fnventk>n is to provide an aqueous dispersion for CMP with a high ren>oval 
rate that allows efficient polishing, while also producing minimal excessive etching, thinning, dishing, keyholes and 
scratches, to give finished surfaces with satisfactory high pradston. 

55 

[Features of the Invention] 

[0007] According to the present Inventton, an aqueous disperston for CMP having constitution described t>elow is 
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provided to solve the abovennentioned objects. 

[1 ] An aqueous dispersion for chemical mechanical polishing chara^erlzed by comprising an abrash^e* water and 
a heteropotyadd. 

5 [2] An aqueous dispersion (or chemical mechanical polishing according to [1] above, characterized in thai said 

heteropolyacld is at least one selected from among sliicomotybdic acid, phosphorotungstic acid, silicotungstfc addt 
phosphoromofyt>dic acid and sllicotungstomolybdic add. 

[3] An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized by being used 
for polishing of a poGshtng surface with a tungsten film. 
10 [4] An aqueous dispersion for chemical mechanical polishing according to [1 ] above, characterized by being used 

for polishing of a polishing surface with at least one from among copper films, aluminum fi^, ruthenium films, 
tantalum films, titanium films and platinum films. 

[5] An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized fn that upon 
contact with the metal layer of a polishing surface, the etching rate of said metal layer Is 100 AMiki or less. 
i5 [6] An aqueous dispersion for chemical mechanical polishing, characterized by comprising an abrasive, water, a 
heteropolyadd and an organic add. 

(7) An aqueous dispersion for chemical mechanical polishing according to [8] above, characterized in that said 
heteropotyacid is at least one selected from among sIlicomolytKllc add, phosphorotungstic add, slQootungstlc add. 
phosphoromolyt>dlc add and siilcotungstomolybdic add. 
20 [8] An aqueous dispersion for chemicat mechanical polishing according to [6] above, characterized In that said 
organic acid has two or more cartsoxyl groups in one molecule. 

[9] An aqueous dispersion for chemical mechanical polishing according to {8] above, characterized In that eald 
organic acid Is at least one selected from among oxalic add. malonic add. succinic add, glutaric add, adlpic add, 
maleic add. fumaric add. phthalic add. malic add, tartaric add and citric add. 
2S [10] An aqueous dispersion for chemical mechanical poiishing according to [6] above, characterized by being used 
for polishing of a poBshIng surface with a tungsten film. 

[11 ] An aqueous dispersion for chemical mechanical polishing according to [6] above, characterized by being used 
for poiishing of a polishing surface with at least one from among copper films, aluminum fiime, rutiienlum films, 
tantalum fiims. titanium films and platinum fibns. 
30 [1 2] An aqueous dtspersion for chemicat mechanical poiishing, characterized by comprising ooltoidal sHIca with a 
primary particle size of 5-100 nm, water and a heteropolyacid. 

[1 3] An aqueous dispersion for chemicai mechanical poiishing according to [1 2] above, characterized in that said 
colioida) slDca is colloidal siBca obtained by hydrolysis and condensation from an alicoxysilane. 
[14] An aqueous dispersion for chemical mechanical poiishing according to [12] above, characterized in that said 
35 heteropolyadd Is at least one selected from among sltlcomolykxlic add, phosphorotungstic add, silicotungstic fidd, 

phosphoromoiyt>d)c add and siDcotungsfiomolybdic add. 

(15] An aqueous dispersion for chemical mechanical poiishing accordbtg to [12] above, characterized t>y further 
comprising an organic add. 

[16] An aqueous dispersion for chemical mechanical polishing aocorcfing to [12] above, characterized by being 
40 used for polishing of a poiishhg surface with a tungsten film. 

[17] An aqueous dlsperBion for chemical mechanical polishing according to [12] at>ove. characterized t>y t>eing 
used for polishing of a poiishing suifeoe with at least one from among copper films, aluminum filn», nithenlum 
films, tantalum films, titanium films and platinum fDms. 

45 [Effed of the Invention] 

[0008] The aqueous dispersion for CMP according to the invention has an exceilent tmlarYce between chemical 
etching and mechanical poiishing ability, and when usedfor polishing of polishing surfaces with metal layers it can give 
highly predse polished surfaces with no corrosion, dishing or keyholes on the polished surfaces. The aqueous disper- 
50 sion for CMP according to the invention is therefore useful for CMP of polished surfaces with metal layers In manufac- 
turing processes for semicondudor devices. 

[DETAILED DESCRIPTION OF THE INVEI^ON] 

53 [0009] The present invention wiil now be explained in further detail. 

[0010] As the "abrasives" In the aqueous dispersions for CMP (hereunder refenred to simply as "aqueous dl^r- 
slons") according to ^e invention there may be used one or movo types irom among: 
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inoi^anic particles composed of silica, alumina, tltanla, zirconia, ceria or the like; 

organic particles composed of styrene-based copolymers, acrylic copolymers or the like; and 

organk:/lnorgank: composite partides composed of these organic partk:ies and inorganic partides. 

5 [0011] As Inorganic panicles there are preferred high-purity inorganic paitldes. Specific ones include paitlctes of: 

silica, alumina, titania or the like which are synthesized by a fumed method In whk:h oxygen and hydrogen are 
reacted with silicon chloride, aluminum chloride or titaniun) chloride In a gas phase, 

silica, alumina or titania whk:h are synthesized by a 60l*get nnethod in which a metal alkoxide is hydrotyzed and 
10 condensation Is carried out for the synthesis, and 

silk:a, alumina or titania which are synthesized by an Inorganic colloid method In which the Inrv^uritles are rmoved 
by purifk»tton. 

[001 2] As organic partides there may be used partides composed of: 

15 

(1) Polystyrene and styrene-based copolymers, 

(2) (Meth)acryllc resins such as polymethyl methacrylate and (meth)acrytic copolyn>eri, 

(3) Polyvinyl chtoride» potyacetal, saturated polyesters, polyamides, polylmldes, poiycartxmates and phenoxy res- 
ins, and 

20 (4) Potyoleflns such as polyethylene, polypropylene, poly-1 -butane and poly-4-methyl-l -pentene, and olefin-based 
copolymers. 

[001 3] These organk: partides may be produced by emulsion polymerization, suspension polynterizatton, enruilsifyif^ 
dispersion, pulverization and the like. 
ss [0014] The organk: partides used nrmy be composed of a copolymer with a crossllnked structure, obtained by syn* 
thesis of the aforementioned polymers In the presence of divinyl benzene, ethyleneglycol dlnnethacrylate or the like. 
There may also be used organic parttoies composed of thermosetting resins such as phenol resins, urra resins, mela* 
mine resins, epoxy resins, allcyd resins and unsaturated polyester resins. 

[0015] The aforementtoned 'organic/inorgank: composite partteles" may consist of organic paitldes and inorgank: 
so partteles formed Integrally to an extent so as not to easily separate during the CM P process, and there are no parlteular 
restrictions on their types or structures. As organlcnnorganic composite partides (hereunder referred to as "oomposits 
partteles") there may be used partteles fomred by polycondensation of an alkoxysilane, akJminum alkoxide. titanium 
alkoxide or the like in the presence of polymer partteles of polystyrene, polymethyl methacrylate or the like, and t>ondlng 
of poiysiloxane or the like on at least the surface of the polymer partteles. The resulting poiycondensate n^ be directly 
35 bonded to the functional group of the polymer partides. or it may be bonded via a sitane coupling agent or the like. 
[0016] For production of the connposlte partteles, slltea partteles or alumina partides nr^ also be used Instead of an 
alkoxysilane. These may be held by intertwining with the polysitoxane, or else they may be chemtealty bonded to the 
polymer particles by their functional groups, such as hydroxyl groups. 

[0017] The composite partteles may be the partteles composed of organte partides and Inorgante partteles twnded 
40 by electrostette force, whteh are fomned from an aqueous dispersion containing organte particles and Inorgante paitides 
with zeta potentials of opposite signs. 

[0018] The zeta potentials of organte partteles are usually negative across the entire pH range, or across a wide |^ 
range except for the low pH range; however, by using organte partides with cart)oxyl groups, sulfonte add groups or 
the like, it is possible to obtain organte partteles with a more definite negath/e zeta potential. Organte partteles with 

45 amino groups and the Hke have a positive zeta potential In specific plH ranges. 

[0019] On the other hand, the zeta potentials of inorgante partteles are highly pH-<lependent and have an Isoelectric 
point at whteh the potential is zero; the sign of the zela potential reverses at around that point 
[0020] Thus, by combining spedfte inorgante partides and organte partteles and mixing them In a piH range at whteh 
their zeta potentials are opposite signs, it Is poss&teto form an integral composite of the Inorgante partteles and organte 

so partteles by electrostette force. Or, the zeta potentials may be of the same sign during the mixing, and the pH adjusted 
thereafter so that the zeta potentials of the Inorganic partides and organte partides are of opposite s^ns, thereby 
aitewing Integration of the Inorgante particles and organic partides. 

[0021] The organte/lnorgante composite particles used may be prepared by polycondensatten of an alkoxysilane, 
aluminum alkoxide. titanium alkoxide or ttte like (n ttte presence of tiie partides Integrally composed In tills manner by 
55 electrostatte force, and bonding of poiysiloxane or tiie like on at least tite surface of the partides to fonn a composite. 
[0022] These abrasives nomnally exist In the aqueous dispersion as aggregates (secondary partteles) composed of 
small partteles (primary partteles). The mean partide size of ti^e secondary partides of the aforementtoned abrasive 
is preferably '0.005-3 ^rrf . A mean parttele size of less tiian O.OOS pm will sometimes make it impossible to obtain an 
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aqueous dispersion with an adequately high removal rate. On the other hand, a mean particle size of greater ^an 3 
may result in prec^ltation and separation of the abrasive, hampering efforts to achieve a stable aqueous dispersion. 
The mean particle size is n:K>re preferably 0.01*1 .0 |im and more preferably 0.02-0.7 ^m. An abrasive with a mean 
secondary a mean particle size of the secondary particles in this range can ghre a stable aqueous dispersion forCMP 
5 that has a high removal rate without precipitation and separation of the particles. The mean paitlde size of the secondary 
particles may be measured by observation using a laser diffusion diffraction measuring Instrument or a transmission 
electron microscope. 

{[OOSbl^iThe abrasive content may be 0.05:^0 Wt%, more preferably 0.1-15 wt%, even more preferaby^^l^i&ilM%; 
with respectto thelotal amount of the aqueous dispersion, tf the abrasive contentlsless 9tan 0.05 wt% the improvement 
10 in polishing perfomnance wHi be insufficient, and tf It is greater than 20 wt% the cost Is increased and the stability of 
the aqueous dispersion is undesirably lowered. 

[0024] For the aqueous dispersions of the invention, 'colloidal siHca* may be used as the abrasive. As the colloidal 
silica there may be used colloidal silica synthesized, for example, by a fumed method in which oxygen and hydrogen 
are reacted with silicon chloride or the like In a gas phase, a sol-gel method involving synthesis by hydrolysis and 

13 condensation from an alkoxysitane such as tetraethoxysilane, or an inorgank: colloid method in which the Impurities 
are removed by purification. Particularly prefen^ed for use is coltoldal sllk» synthesized by a sol-gel method Invohnng 
synthesis by hydrolysis and condensation from en aikoxysllane such as tetraethoxysilane. 
[002S] As alkoxysilanes there may be used, for example, tetramethoxysilane, tetraethoxysBane, tetra-n-propoxysi- 
lane, tetra-lso-propoxysiiane, tetfa-n*butoxysliane. tetra-lso-butoxysltane. methyltrlmethoxysiiane. methyttrietho)^i- 

20 lane, ethyitrimethoxysilane, ethyltriethoxysilane, n-propyltrimethoxysiiane, n-propyttrlethoxysilane, iso-propyttrimafth- 
oxysllane, Iso-propyltrtethoxysllane, n-butyltrlmethoxysHane, Iso-butyltrlmethoxysilane, T^diloropropyltrlmethoxysl- 
lane, y -chloropropyitriethoxysilane, 3,3.3-trifluoropropyltrimethoxysiiane, 3,3,3-trifluoropropyltfiethoxy8ilane, r^V^I- 
doxypropyttrlmethoxysllane, r-glycktoxypropyldlmethoxyaHcylsllane. -f^lycidoxypropyttrlethoxysllane, f-glyckioxypio- 
pyldlethoxyalkyteiiane, y-methacryloxypropyltrimethoxysiiane, r^nethacryloxypropyitriethoxysBane, y-^ni^opro- 

29 pyltrlmethoxysliane, y -mercaptoprop^ethoxysHane. y -emlnopropyttrfmethoxysllane, y -aminopropytoiemoxysiiane, 
vinyltilmethoxysilane, vinyttriethoxysUane. phenyltrimethoxysllane. phenyttrtethoxysilane, 3.4-epoxycyclohexylethyltri- 
methoxysllane, 3,4-epoxycyctohexylethy{trl6thoxysilane, dlmethyMlmethoxysliane, dimethyldiethoxysitane and dl- 
ethytdimethoxysilane 

[0026] Partk^ularly preferred among these are tetramethoxysilane, tetraethoxysilane. tetra-iso-propoxysliane, tetra- 

30 n-butoxysilane. tetra-iso-butoxysiiane, methyltrlmethoxysiiane, methyttriethoxysllane, ethyitrimethoxysilane. ethyltri- 
ethoxysilane, n-propyltrlmethoxysllane, n-propyltrtettioxysllane, Isoisropyttrimethoxysilane, lso-propyltrlethoxysifan«, 
n-butyltrimeti^oxysilane, dimethyldimethoxysllane. dlmethyMiethoxysBane and dlethytaHmethoxysilane. 

[0027] The primary particle size of the colloMal silica used in the aqueous dlsperBk>n8 of the invention is 5-1 00 nm, 
and preferably 5-60 nm. If the primary particle size of the colkHdal sHica Is less than 5 nm It may not be possible to 
S5 obtain suffk:lent mechank»l polishing ability. On the other hand, if the printary particle size is greater than 100 nm 
scratches may tend to more readily occur, and the stability of the aqueous disperBlon may be lowered. 
[0028] Colloidal silica v^h a primary partk^ie size in this range can ghfe a stable aqueous dispersion for CMP with a 
high removal rate, minimal scratching and no precipitation or separatk>n of partfclos. 

[0029] The mean partble size of secondary particles fomned of aggregates of the primary partk:les is preferably 
40 10-200 nm and more preferably 10-100 nm. With a mean secondary parttele size of less than 10 nm it may not be 
possible to obtain an aqueous dtepers ton with a sufficiently high removal rate. On the other hand, with a mean secondary 
particle size of greater than 200 nm, scratches may tend to more readily occur, and the stability of the aqueous dis- 
persion may tie lowered. 

[0030] Colloidal silk:a with a mean secondary partcle size In this range can give a stable aqueous dlsperston for 
45 CMP with a high removal rate, minimal scratching and no predpitatton or separation of parttoles. 

[0031] One such type of colk3idai B\\)ca may be used, or two or more diffmnt types with different primary patttde 
sizes or secondary particle sizes may be used In combination. 

[0032] The primary particle size may t>e catoulated from the specific surface area by the BET nnethod. The mean 
secondary particle size may be measured by obsenratton using a laser diffusion diffraction measuring instrument or a 

so transmission electron microscope. 

[0033] The colloidal silica is preferably of high purity in order to avoM contamination of ti>e poHshlng surface. Spe- 
clficaliy prsfened is colloidal silk:a with a sodium content of no greater than 10 ppm, preferably no greater than 8 ppm 
and especially no greater than 5 ppm. tf the sodium content is greater than 10 ppm, the polishing surface may be 
contaminated by sodium during use of the CMP slurry. 

S5 [0034] The content of colloidal sllk» according to the invention maybe 0.05^ wt%. preferably 0.1-15 wt% and more 
preferably 0.1-10 wt% with respect to the total anwunt of the aqueous dlsperston. If the colloidal silica ctmtent is less 
than 0.05 wt% the improvement in polishing periofmanc» wtQ be Insuffldent. and If it is greater than 20 wt% the cost 
is ir^eased and the stability of the aqueous dispersion is undesirably lowered. 
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[0035] The medKim for the aqueous dispersion of the Invention may be water or a mixed medium composed most}/ 
of water (such as a mixture of water and methanol), but water alone is particularty preferred. 
[0036] As the 'heten^olyacid' to be Included In the aqueous dispersion of the inventJon there may be used an &M 
produced by two or more metals among potyaclds formed by condensation of Inorganic adds. As the nnaln atoms of 

5 the potyacid fonming the heteropolyadd there nnay be mentioned Cu, Be, B, A), C, Si, Ge, Sn. Tl. Zr. Ce. Th, N. P, As, 
Sb. V. Nb. Ta, Cr, Mo, W, U, S. Se, Te, Mn. I, Fe. Co. Nl. Rh, Os. Ir and Pt Among these are preferred V, Mo and W. 
[0037] As the heteroatom to be combined with the aforementioned main atom there may be used a metal from among 
Cu. Be, B, A1 . C. SI. Ge. Sn, 11. Zr, Ce. Th. N, P. As, Sb, V. Nb, Ta, Cr. Mo, W, U. S, Se. Te, Mn. I, Fe, Co, Nl, Rh, 0«. 
Ir and Pt. which Is different from the aforementioned main atom, and Si and P ara pr^erred. 

10 [0038] As spedfic examples of heteropotyadds there may be mentioned snicomofybdic add, phosphoromolybdic 
acid, sillcotungstlc add. phosphorotungstic add and slllootungstomolybdic add. 

[0039] For polishing of polishing surfaces with tungsten flinw. sillcomolybdlc acid, phosphoromolybdic add and sil- 
icotungstomotybdlc acid are particularly preferred, 

[0040] The amount of the heteropolyadd to be used for the aqueous dispersions may be 0.1 -IS wt%. preferably 
IS 0.2-1 0 wt%, more preferably 0.5-8 wt%, even more preferably 2-8 wt% with respect to the total of the aqueous disper- 
sion. 

[0041] If the heteropolyadd content Is less than 0.1 wt% the removal rate of the aqueous dispersion will not be 
adequately increased. However, suffident Improvement In the removal rate Is achieved %vtth a content of 15 wt%. At 
greater than 15 wt%, corrosion occurs In polishing surfaces and an undesirable risk Is therefore posed in term of 
so handling. 

[0042] The heteropolyadd may also be used In combination with a base to fonm a sail. Alternatively, the heteropol- 
yadd and/or its salt may be dissociated either partially or completely In the aqueous dispersion to include ions. 
[0043] The aqueous dispersions for CMP of the invention can exhibit high performance by containing only the afore- 
mentioned abrasive, water and heteropolyadd, but depending on the purpose they may also contain other addithres. 
zs Such additives include oxidizing agents other than the heteropolyadd. adds other than the heteropolyadd. bases, 
surfactants, viscosity adjustors, and the lilce. 

[0044] By including an 'add* it Is possible to further improve the dispefsabllity, stability and remove] rate of the 
aqueous dispersion. The acid is not particularfy restricted, and any organic add or inorganb add may be used. 
[0045] As organic adds there may be nf)entioned para-toluenesulfonlc add, dodecylbenzenesutfonk: add. Isopre- 

30 nesulfonic acid, gluconic add. lacdc add. citrfc add, tartaric acid, malic add, glycolic add. malonic add, formic add. 
oxalic add, succinic acid, fumaric add. maleic add and phthaOc add. Preferred among these are organic acids with 
at least two carboxyl groups in one molecule. As specific examples of preferred organic adds there may be mentioned 
oxalic add. malonic add. sucdnic add, glutarfc add. adipic add, nrtaleic add, fumaric add. phthalic add. malie add, 
tartaric acid and citric add. These organic adds may be used alone or In combinations of two or more. 

35 [0046] As inorganic adds there may be mentioned nitric add, hydrochloric add and aulfurfc add. and any one or 
more of these may be used. An organic add and an inorganic add may also be used in combination. 
[0047] The contents of these adds may be up to 1 0 wt%, preferably 0.005-1 0 wt%, more pr^erably 0.01 -8 wt%. and 
especially from 1 -8 wt% with resped to the total of the aqueous disperston. With an organic add content within these 
ranges It is possible to provide an aqueous dispersion with excellent dlspersabiiity and suffident stability, while It is 

40 also preferred from the standpoint of minimizing etching. 

[0048] As "oxidizing agents* there may be used those selected as appropriate depending on the electrochemical 
properties of the metal layer of the polishing surface, based on a Pourbaix diagram, for example. As examples of 
specific oxidizing agents there nray be mentioned, 

<5 hydrogen peroxide; 

organic peroxides such as peracetlc add. perbenzolc acid, tert-butylhydroperoxlde; 

permanganate compounds such as potassium permanganate; 

bichromate compounds such as potassium bichromate; 

halogenate compounds such as potassium lodate; 
so nitric compounds such as nitric add. Iron nitrate; 

perhalogenate compounds such as perchlorie add; 

transition metal salts such as potassium ferrlcyanlde; and persulfurlc compounds such as ammonium peisulfate. 

[0049] The content of the oxidizing agent for the aqueous dlspersbns of the invention may be up to 1 5 wt%. preferably 
53 no greater than 1 0 wt% and more preferably no greater than 6 wt% with respect to the total of the aqueous dispersion. 
When Induded at greater than 15 wt%. conx)sion occurs in polishing surfaces and an undesirable risk is therefore 
posed In terms of handling. Though the lower limit Is not restricted, to exhibit suffident effect the content of the oxidizing 
agent may normally be 1 W(% or more, preferably 2 wf% or wore. 
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[0050] The aqueous dispersion for CMP according to the Invention may also contain a "base" for control of the pH 
to improve the dispersablllty, corrosion resistance, stability and removal rate of the aqueous dispersion. The base Is 
not particulaity restricted, and any organic base or Inorganic base may be used. As organic bases there may be men- 
tioned ethylenediamlne and ethanolamlne. As inorganic bases there may be mentioned ammonia, potassium hydrox- 

5 f de, sodium hydroxide and lithium hydroxide, and these bases may be used alone or in combinations of two or more. 
[0051] The base corvtents for the aqueous dispersions of the Invention may be up to 10 wl%. and preferably from 
0.01 to 8 wt%, more preferably from 1 to 8 wt% with respect to the total of the aqueous dispersion. 
[0052] As "surfactants' there may be used catlonic surfactants, anionic surfactants or non-ionic surfactants. As cat- 
ionic surfactants there may be mentioned fatty amines, aliphatic ammonium salts and the like. As anionic surfactants 

10 there may be mentioned carboxylic acid salts such as fatty acid soaps and alkylether cart>oxylic acid salts, sulfonic 
acid salts such as alkylbenzenesutfonic acid salts, allc^naphthalenesulfonic acid salts and a-olefinsuifonlc acid salts, 
sulfuric add ester salts such as higher alcohol sulfuric acid ester salts and allcyiether sulfuric add salts, and phosphoric 
add ester salts such as ailcylphosphoric add ester salts. As non-lonic surfactants there may be mentioned ethers such 
as polyoxyethylene alicyl ether, ether esters such as poiyoxyethytene ethers of glycerin esters, and esters such as 

IS polyethylene glycol fatty acid esters, glycerin esters and soibitan esters. 

[0053] The surfactant content may be up to 5 wt%. preferably no greater than 3 wt% and nrx^re preferably no greater 
than 1 wt% with respect to the total of the aqueous dispersion, if the surfactant content is greater than 6 wt%, the 
polishing perfonmanoe may be undesirably lowered. 

[0054] The poUshing surface with a metal layer to be polished using an aqueous dispersion for CMP according to 
20 the invention may be a polishing surface with at least one type of metal layer from among pure tungsten fifans, pure 
atuminum films, pure copper films, pure njthenium films, pure tantalum films, pure titanium films and pure platinum 
films, as well as alloy films of tungsten, aluminum, copper, ruthenium, tantalum, titanium or platinum with another 
metals, that are formed on semiconductor bases in manufacturing processes for semiconductor devices such as VLSIs 
and the llice. In addition to these metal layers, tantalum nitride, titanium nitride and polysilicon layers that are used for 
25 barrier metal layers may also be present in the polishing surface. 

[0055] The aqueous dispersion of the invention may employ an appropriate composition suited for the purpose, and 
when the aqueous dispersion Is contacted with a metal layer of a wortdng surtece. the 'etching rate" of the metal layer 
Is preferably "no greater than 1 00 AAnin". The etching rate Is preferably no greater than 60 A/min, and ee p e d a t ly m 
greater than 40 Mnln. The etching rate may be adjusted by adjusting the oxidizing agent content, the add eontsnt 
30 and the base content. The etching rate can be measured by an appropriate method, but It is preferably measured by 
immersing the wafer with the wortdng surface In the aqueous dispersion at 5-40*C, ordinary pressure for 5-30 minutes, 
and then determining the amount of loss of the film thicicness of the metal layer. 

[0056] According to the invention, the etching rate is adjusted by adjusting the composition and pH of the aqueous 
dispersion to produce an aqueous dispersion for CMP having the desired polishing perfonmance. 

35 [0057] CMP of a polishing surface using an aqueous dispersion for CMP according to the invemion can be polished 
underthe prescribed polishing conditions with a commercialiy available chemical mechank:al polishing apparatus {such 
as Model "LGPSIO" or"LGP552" by LapmasterSFT Co., Ltd.; Model •EPO-112*, "EPO-113" and "EPO-222" by Ebara 
Corp.; Model "Mirm" by Applied Materials Corp.; and Model "AVANTI-472" by AlPEC Corp.). 
[0058] It is prefenred for the abrasive remaining on the polishing surface to be removed after polishing. The abrasive 

40 may be removed by a comrDon washing method. When the abrasive consists of only organic particles, the polishing 
surface may be heated to high tempemture in the presence of oxygen to bum off the organic abrasives for their r^oval. 
The specific burning method used may be an ashing treatment method with plasma whereby oxygen radicals are 
supplied In a downflow for exposure to oxygen plasma; this allows the residual organic abrasives to be easily removed 
from the polishing surface. 

45 

[Embodiments of the Invention] 

[0059] The present invention will now be explained in greater detail by w^ of examples. 

50 (1 ) Experimental Example 1 

[0060] Aqueous dispersions for CMP were prepared for Examples 1 A to 19A andCornparative Examples 1 A to 4A. 
and were evaluated. 

^ Example 1 A 

[0061 ] There was prepared 1 CO parts by weight (hereunder referred to simply as "parte") of an aqueous dlsperelon 
for CMP in which 5 parts of sliicomolybdic add was dissolved and 5 parts of fumed silica (#90, product of Nippon 
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Aenosll Co., Ltd.) was dispersed. The pH of the aqueous dispersion was 1^. 

[0062] A blanket wafer ("W-Blanket", product of SKW Associates Corp.) with a tungsten layer was Immersed In the 
aqueous dispersion at SS'^C for 30 minutes, and the film thickness k>ss after 30 minutes was detennlned by measuring 
the sheet resistance vfHth a resistance measuring instrument (Mode) Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was cabulated and found to be 12 A/mln. Also, an S-lnch thennal oxMation film* 
coated sfllcon wafer coating fikn (product name: "W-BIankef , film thickness: 10.000 A, product of SKW Assodatet 
Corp.) was set In a chemical mechanica) polishing apparatus (Model "EPO-1 1 2*, product of EbaraCorp.), and a porous 
potyurethane polishing pad (product name: "IC1000" by Rodel Nitta Corp.) was used for polishing with a load at 300 
g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dlsperston at a rate of 200 CG/hrtln. As a result, the renrioval rate as measured 
with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 2700 A/mln. To evaluate the uniformity, the wfthln wafer 
non-unifomnfty (WIWNU) was measured by 49 point diameter scan, 3mm edge excluston, resulted in that 3 o was 
8.5%. For evaluation of the con-oslon, patterned wafers with a 0.26 (im diameter contact hole were 30% over-poHshed 
and the number of keyholes observed; only two keyholes were found out of 100 contact holes. 

Examples 2A-10A and Comparative Examples 1 A and 2A 

[0063] The abrasive, heteropolyacki and pH were changed as shown in Table 1 , end the etdiing rates and polishing 
perfonnance on tungsten 
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films were evaluated In the same manner as Example 1 A. The results are shown in Table 1 . The pH was adjusted by 
addition of KOH where necessary. 

[0064] According to the results In Table 1, the etching rates were 34 A/htin or less In Examples 1A to 10A. The 
removal rates were 1900 A/hiin or greater, which were sufRdent rates of polishing, few or no keyholes were found 
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due to corrosion, and thus no problem was posed. On the other hand, Comparative Example 1 A exhibited the problem 
o1 numerous keyholes due to corrosion, while Comparative Exannple 2A exhibited the problem of an Insufficient rate 
o1 polishing. 

5 Example 11 A 

[0065] There was prepared 1 00 parts of an aqueous dispersion for CMP adjusted to pH 4 with KOH , In which 2 parts 
of slllcomolybdic acid was dissoh^ed and 1 part of fumed silica (#90, product of Klppon Aerosll Co. , Ud.) was dispersed. 
[0066] A blanlcet wafer ("Cu-Blanker. product of IMAT Corp.) with a copper layer was Immersed in the aqueous 

10 disperston at 25*C for 30 minutes, and the film thickness toss afterSO minutes was determined by measuring the sheet 
resistance with a resistance measuring Instnmnent (Model Sigma 5, product of NSP Corp.) according to the 4-probe 
method; the etching rate was catoulated and found to be 14 Amiin. Also, an 8-Inch thenmal oxidation film-coated silicon 
wafer coating copper film (product name: "Cu-Bianker . film thtokness: 1 0.000 A, product of IMAT Corp.) was set in a 
chemteal mechanfca! polishing apparatus (Model ■EPO-112", product of Ebara Corp.). and a porous polyurethane 

15 polishing pad (product name; "101 000" by Rodel NItta Corp.) was used for polishing with a load at 300 Q/am^. Ihe 
urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head at 50 rpm 
while supplying the aqueous dispersion at a rate of 200 cc/mln. As a result, the removal rate as measured with an 
Omnimap RS-75 (product of KLA-Tencor Corp.) was 4900 A/jmin. The WIWN U was measured by the same nnethod as 
Example 1 A, reautted in that 3 o was 21%. For evaluatton of the conroston, patterned wafers w^ a 0.28 |un diameter 

20 contact hole were 30% over-polished and the number of keyholes obeenred; no keyholes were found out <rf 1 00 contact 
holes. A wirjng>patterned wafer (SKW6-2. product of SKW Corp.) was also 30% over-polished, and the ifiahbg of a 
1 00 Mjn wiring wklth was evaluated to be a satisfactory 600 A. 

Examples 12A-19A and Comparative Examples 3A and 4A 

25 

[0067] The heteropotyacid. pH and abrasive were changed as shown in Table 2. and the etching rates and polishing 
perfonnance on copper films were evaluated in the sanve manner as Example 11 A. The results are shown In Table 2. 
The pH was adjusted by addition of KOH where necessary. 

[0068] According to the results In Table 2, the etching rates were 23 A/hnin or less In Examples 11 A to 19A. The 
90 removal rates were 2900 A/hftIn or greater, which were suffk^ent rates of polishing. Also, few or no keyholes wem found 
due to con^lon. and thus no problem was posed. On the other hand, Comparathfe Example 3A exhii>ited the problem 
of numerous keyholes due to corroston, while Comparative Example 4A exhibited the problem of an insufftoient rate 
of polishing. 
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(2) Experimental Example 2 

[0069] Aqueous dispersions for CMP were prepared for Examples 1 B to 1 SB and Cwnparattva Examples 1 B to SB, 
and were evaluated. 



11 



EP1 123^A1 



Example IB 

[0070] An aqueous dispersion for CMP was prepared by dissolving 5 wt% of sliicomolybdic add (product of Wako 
Junyaku Co., Ltd.) and 1 wt% of oxalic acid (product of Wako Junyaku Co., Ltd.) in water and further dispersing 5 wt% 
5 ot fumed silica (#90, product of N^pon Aerosll Co., Ltd.). The pH of the aqueous dispersion was 1 .5. 

[0071] A blanket wafer ("W-Bianket", product of SKW Associates Corp. ) with a tungsten layer was bnmersed In the 
agueous dispersion at 2S^C for 30 minutes, and the film thickness \oss after 30 minutes was detemiined by measuring 
the sheet resistance wfth a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was calculated and found to be 13 A/hnin. Also, an 8-lnch themnal oxidation film- 
to coated silk»n wafer coating film (product name: "W^BIankef , film thickness: 10,000 A, product of SiCW Associates 
Corp.) was set in a chemical mechanical polishing apparatus (Model "EPO-11 2". product of EbaraCorp.). and a porous 
polyurethane polishing pad (product name: "IC1000" by Rodel Nitta Corp.) was used for polishing with a load at 300 
g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 200 cc^min. As a result, the removal rate as measured 
IS with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 2900 A/mln. The WiWNU was measured by the same 
method as Example 1 A, resulted in that 3 a was 8.5%. For evaluation of the corroston, patterned wafers with a 0^8 
\vp[\ diameter contact hole were 30% over-polished and the number of keyholes observed; only two keyholes were 
found out of 1 00 contact holes. 

[0072] A wiring-pattemed wafer ("SKW6\ product of SKW Corp.) was also 30% over-polished, arid the dishing of a 
20 1 00 ^m wiring width was evaluated to be a satisfactory 500 A. 

Examples 2B-6B and Comparative Examples IB, 2B 

[0073] The abrasive, heteropolyacid or other oxidizing agent, as well as the type and amount of organic acid and 
25 the plH, were changed as shown in Table 3, and the etching rates and polishing performance on tungsten films were 
evaluated In the same manner as Example IB. The results are shown In Table 3. 

[0074] The high purity collokSal sllk:a used for Examples 2B and 4B. the funned alumina used for Exanrtple SB and 
the polymethyl methacrytate particles used for Example 6B were ot>tained tiy the methods described below. The phos- 
phoromolybdic acid used was a product of Wako Junyaku Co., Ltd. The pH was also adjusted by addition of KOH 
30 where necessary. 

Synthesis of high purity coiioidal siltea (Examples 2B, 4B) 

[0075] The high purity coiloMal silica used was prepared by solvent replacement of a condensate of tetraethoxysilana 
35 In an ethanol/water mixed solvent using ammonia as the catalyst in water, as described in J. of CoUokJ and Interfece 
Science, 26, 62-69(1 968). Two types of high purity cottoidal silica with particle sizes of 39 nm and 87 nm were synthe- 
sized by changing the ethanolAwater ratk). 

Fumed alumina (Example SB) 

40 

[0076] A dispersion of 'Alumina C* (trade name of Degusa Corp.) was used. 

Synthesis ot 0.2 um polymethyl methacfyiate (Example 6B) 

^9 [0077] After loading 96 parts of methyl methacrylate, 4 parts of methacrylic acid, 0.1 part of ammonium tauryl sulfate, 
0.5 part of ammonium persutfate and 400 parts of ion-exchanged water into a 2-tit6r flask, the temperature was raised 
to 70*C while stirring In a nitrogen gas atnnosphere, for 6 hours of polymerization. This yiekled an aqueous dispersion 
comprising carboxyl group-containing anionic polymethyl methacrylate polymer fine particles with a mean partldd size 
of 0.2 ^m (hereunder refenred to as *0.2 yjn PMMA particles"). The polymerization yield was 95%. 

50 
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[0078] According to the results in Table 3, the etching rates were 20 A/min or (ess in Examples 1 B to 6B. The removal 
rates were 2000 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes were found due to 
con'oslon, and thus no problem was posed. On the other hand, Comparative Example 1B exhibited the problem of 
numerous keyholes due to corrosion, while Comparative Example 2B exhtolted the problem of an insufficient rate of 
polishing, and evaluation of the keyholes, dishing and (n-plane homogeneity was not possible. 

Example 78 

[0079] An aqueous dispersion for CMP adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of slilconrwlybdk: 
acid (product of Wako Junyaku Co., Ltd.) In water and 1 wt% of malete acid (product of Wako Junyaku Co., Ltd.) and 
further dispersing 1 wt% of fumed silica (#90, product of Nippon Aerosll Co., Ltd.). 

[00801 A blanket wafer ("Cu-BIanker. product of IMAT Corp.) with a copper layer was immersed (n the aqueous 
dispersion at 25*C for 30 minutes, and the film thickness toss after 30 minutes was determined by measuring the sheet 
resistance with a resistance measuring instrument (Model Sigma 5. product of NSP Corp. ) according to the 4-probe 
method; the etching rate was calculated and found to be 12 A/mln. Also, an B«inch thenmal oxidation fiim-coated sllteon 
wafer coating copper film (product name: "Cu-B!ankef . film thbkness: 10,000 A, product of IMAT Corp.) was set in a 
chemfcal mechanteal polishing apparatus (Mode! ■EPO-112*. product of Ebara Corp.). and a porous polyurethane 
polishing pad (product name: *IC1000' by Rodel Nitta Corp.) was used for polishing with a load at 300 g/Scm^. The 
urethane pad surface was subjected to one minute of rotary polishing with the table at SO rpm and the head at SO rpm 
while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as measured with an 
Omnimap RS-75 (product of KLA-Tencor Corp.) was S300 AMtln. The WIWNU was measured by the same method as 
Example 1 A. resulted In that 3 o was 1 8.0%. For evaluation of the convston. patterned wafers with a 0:28 ^m diameter 
contact hole were 30% over-polished and the number of keyholes obsenfed; no keyholes were found out of 1 00 contact 
holes. A wiring-patterned wafer (SKW6-2, product of SKW Corp.) was also 30% over-polished, and the dishing of a 
1 00 ^m wiring ^th was evaluated to be a satisfactory 600 A. 

Examples 8B-12B and Comparative Examples 3B. 4B 

[0081] The abrasive, heteropolyacid or other oxidizing agent» as well as the type and anoount of organk: add and 
the pH. were changed as shown In Table 4. and the etching rates and polishing performance on copper fHrns were 
evaluated In the same manner as Example 78. The results are shown In Table 4. 

[0082] The high purity colloidal sllk^a, fumed alumina and 0.2 ^m PMMA partbles were obtained by the sanne method 
as those in Table 3. The silk^omolybdlc add used was a product of W^o Junyaku Co., Ltd. 
[0083] The pH was also acQusted by addition of KOH where necessary. 

[0084] According to the results In Table 4, the etching rates were 21 A>hiin or less In Examples 7B to 12B. The 
removal rates were 2900 A/min or greater, which were sufftelent rates of polishing. Also, few or no keyholes were found 
due to com)8lon. and thus no problem was posed. On the other hand. Comparative Example 3B exhibited the problem 
of numerous keyholes due to corroston. whHe Comparative Example 46 exhblted the problem of an Insufndent rstte 
of polishing, and evaluatton of the keyholes, dishing and in-plane homogeneity was not possible. 
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Example 13B 

[0085] An aqueous dispersion for CM P adjusted to pH 4 wi^ KOH was prepared by dissolving 4 wt% of siilcomolybdic 
add (product of Wako Junyaku Co. , Ltd.) and 1 wt% of malonic acid (product of Wako Junyaku Co.. Ud.) In water and 

5 further dispersing 2 wt% of fumed alumina ('Alumina C. product of Oegusa Corp.). 

[0086] A blanket wafer with an aluminum (ayer was imnnersed tn the aqueous dispersion at25*C for 30 minutes, and 
the film thickness loss after 30 minutes was determined by measuring the sheet resistance with a resistance measuring 
instrument (Model Sigma 5. product of NSP Corp.) according to the 4-probe method; the etching rate was calculated 
and found to be 1 0 A/min. Also, an B*inch thermal oxidation fitm-coated silicon wafer coating aluminum film (film thick- 

10 ness: 6,000 A) was set in a chemteat mechanical polishing apparatus (Model *EPO-1 1 2". product of Ebara Corp.), and 
a porous pofyurethane polishing pad (product name: "ICI 000' by Rodel Nitta Corp.) was used for polishing with a load 
at 300 g/cm^. l\\e urethane pad surface was subjected to one minute of rotary polishing with the table atlOO rpm and 
the head at 100 rpm while supplying the aqueous dispersion at a rate of 200 cc/mln. As a result, the renrroval rate as 
measured with an Omnimap RS-75 (product of Kl^-Tencor Corp. ) was 3900 A/min. The WiWNU was measured tyy 

IS the same method as Example 1A, resulted In that 3 o was 15.3%. For evaluation of Vne corrosion, pattemed wafers 
with a 0.28 ^m diameter contact hole were 30% over-polished and the number of keyholes observed; no keyholes 
were found out of 100 contact holes. A wirtng-pattemed wafer was also 30% over-polished, and the dishing of a 100 
[jjn wiring width was evaluated to be a satisfactory 900 A. 

20 Examples 14B-15B. Comparative ExanrtpleSB 

[0087] The abrasive, heteropolyacid or other organic acid, as well as the type and amount of organic acki and the 
plH, were changed as shown in Table 5, and the etching rates and polishing perfonmance on copper filnns were evaluated 
in the same manner as Example 13B. The results are shown in Table 5. 

2S 



30 



33 



40 



45 



so 



55 



EP1 123956A1 



$ a « 

i 1 8 
|i« 


ID 




\ 


1 


dtshtng 
(A) 


1 


o 

iS 


1 


1 


number 
of 

keyholes 


o 


o 




1 


removal 

CA/min) 

\ f fill 11/ 


§ 






CP 




o 






eg 












u « f 


E 






CO 

E 


1 ll 

o 


1 


\ 




S 
u 

11 

3 
E 


til 


1 

if 


S 

|| 


1 

1 1 


1 


1 ? 

1 


1 




1 
3 

1 


« 

.S 








S 




sofdumg 


o|duiex^ 
eAfi«|itfuioo 



17 



EP1 123956A1 



[0088] The high purity colloidal silica and phosphoromolybic add were obtained by the same method as those in 
Table 3. The pH was also adjusted by addition of KOH where necessary 

[0089] According to the results In Table 5, the etching rates were 25 A/mln or less In Exan^es 13B to 15B. The 
removal rates were 2800 A/mln or greater, which were sufficient rates of polishing. Also, few or no keyholes were found 
s due to con^osion, and thus no problem was posed. On the other hand, Comparative Example 5B exhibited the problem 
of an insuffident rate of polishing, and evaluation of the keyholes, dishing and In-plane homogeneity was not po8s&>le. 

(3) Experimental Example 3 

10 [0090] Aqueous dispersions for CMP were prepared for Examples 1 C to 1 1 C and ComparetSve Examples 1 C to SC, 
and were evaluated. 

Synthesis of colloidal silica 

IS [0091] The colloidal silica used was prepared by soh^ent replacement of a condensate of tetraethoxysilane in an 
ethanol/water mixed solvent using ammonia as the catalyst In water, as described in J. of Colloid and Interface Sdence, 
26, 62*69(1968), after concentretlon. Three types of high purity colloidal silica with mean secondary particle sizes of 
39 nm, 67 nm and 1 25 nm were synthesized by changing the e^anoUwater ratio, the ammonia content and the reactbn 
temperature. Calculation of the primary particle sizes from the specific surface areas of each colloidal silica measured 

20 by the BET method gave values of 15 nm, 35 nm and 75 nm. 

[0092] Measurement of the sodium content of each colloidal dlica by the atomic absorption method gave values of 
1 ppm, 0.7 ppm and 0.9 ppm. 

Example 1C 

25 

[0093] An aqueous dispersion for CMP was prepared by dissolving 3 wt% of silicomolybdic acid (product of Wako 
Junyaku Co., Ltd.) in water and further disperaing 5 wt% of colloidal siflca with a primary particle size of 15 nm. The 
pH of the aqueous dispersion was 1 .9. 

[0094] A blanket wafer O^-Blankef , product of SKW Assodates Corp.) with a tungsten layer was Immereed In the 
30 aqueous dispereton at 25*C for 30 minutes, and the film thickness loss after 30 minutes was detennined by measuring 
the sheet resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was cateulated and found to be 12 A/min. Also, an 8*inch thermal oxkia^on fiim- 
coated silicon wafer coating film (product name: *W-Blanket", film thtokness: 10,000 A, product of SKW Associates 
Corp.) was set in a chemical mechank»l polishing ai^aratus (Model "EPO-11 2", product of EbaraCorp.), and a porous 
33 potyurethane polishing pad (product name: 'iCIOOO* by Rodel Nitta Corp.) was used for polishing with a load at 300 
g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm white supplying the aqueous dispereton at a rate of 200 co^in. As a result, the removal note as measured 
with an Onnlmap RS-75 (product of Kl^-Tencor Corp.) was 2500 A/mln. The WIWNU was measured by the same 
method as Example 1 A, resuttod in that 3 c was 9.2%. Also, the number of scratches (Kt) produced on the entire 
40 polishing surface (represented as *Sr, units: mm^ was measured with a wafer surface matter scanning apparatus 
("Surfacescan SP1 product of Kl^ Tencor Co., Ltd.), and calculation of the number of scratches per unit area (10"^ 
mm^, 1 00 X 1 00 ^m square region) according to the formula given below yielded a result of one scratch per unit area. 

Scratch counting method 

45 

Number of scratches per unit area » K\f(St/^Qr^ 

[0095] For evaluation of the corrosion, pattemed wafere with aO.28 ^im diametercontact hole were 30% over-poflshed 
and the number of keyholes observed; no keyholes were found out of 100 contact holes. A wiring-patterned wafer 
50 (SKW5. product of SKW Corp.) was also 30% over-pollshed, and the dishing of a 1 00 |im wiring width was evaluated 
to be a satisfactory 780 A. 
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Examples 2C-4C and Comparative Examples 1 C. 2C 

[0096] The coIloidaJ silica, heteropolyadd or other oxidizing agent, as well as the type and amount of organic add 
and the pH, were changed as shown In Table 6, and the etching rates and polishing performance on tungsten fBnf» 
5 were evaluated in the same manner as Example 1C. The results are shown In Table 6. 
[0097] The pH was also adjusted by addition of KOH where necessary. 

[0098] The phosphorontolybdk: add used for Example 4C was a product of Wako Junyaku Co., Ltd. The fumed 
alumina used for Comparative Example 2C was prepared by dispeiBion of "Alumina C* (product of Degusa Corp., 
primary partk^e ^ze: 13 nm). 

10 [0099] According to the results in Table 6, the etching rates were 20 A/mIn or less in Examples 1 C to 4C. The removal 
rates were 2100 A/hnin or greater, whteh were suffteient rates of poiishlng. Also, there were few or no scratches or 
keyholes due to con^osion, and thus no problem was posed. On the other hand. Comparative Example 1C exhibited 
the problem of a high etching rate, considerable dishing and a large number of keyholes due to corrosion, while Com- 
parative Example 2C exhibited the problem of a large numt)er of scratches. 

IS 

Example 5C 

[0100] An aqueous dispersion for CMP adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of siltcomolybdic 
acid (product of Wako Junyaku Co., Ltd.) and 2 wt% of maleic acid (product of Wako Junyaku Co., Ud.) in water and 

^ further dispersing 2 wt% of collokial silica with a prtnrmry partk:le size of 15 nm was dispersed. 

[0101] A blanket wafer ("Cu-BIankef, product of IMAT Corp.) with a coii^r layer was immersed in the aqueous 
disperston at 2S*C for 30 minutes, and the film thickness loss after 30 minutes was determined by measuring the sheet 
resistance with a resistance measuring instniment (Model Sigma 5. product of NSP Corp.) according to the 4-prDbe 
method: the etching rate was catoulated and found to be 12 AAnin. Also, an a4nch themnal oxidation Aim-coated siiteon 

25 wafer coating copper film (produd name: "Cu-Blanker, Aim thtekness: 10,000 A, product of IMAT Corp.) was set in a 
chemfca! mechanical polishing apparatus (Model "EPO-112". product of Ebara Corp.). and a porous polyurethane 
polishing pad (produd name: "ICIOOO" by Rodel Nttta Corp.) was used for polishing with a load at 300 gfcm^. The 
urethane pad surface was subjeded to one minute of rotary polishing with the table at 50 rpm and the head at SO rpm 
while supplying the aqueous dispersion at a rate of 200 cc/mln. As a result, the rennoval rate as measured with an 

30 Omnimap RS>75 (produd of Kl^-Tencor Corp.) was 5400 A/min. The WIWNU was measured by the same method as 
Example 1 A, resulted in that 3 o was 1 7.5%. Also, calculatton of the number of scratches (Kt) produced on the entire 
polisning surface with a wafer surface matter scanning apparatus ("Surfacescan 8Pr, product of KLA Tenoor Co., 
Ltd.), yielded a result of one scratch per unit area. 

[0102] A wiring-patterned wafer (SICW6-2, produd of SICW Corp.) was also 30% over-polished, and the dishing of a 
35 1 00 ^m wiring wklth was evaluated to be a satisfadory 650 A. 

Examples SC^SC. Comparative Examples 3C, AC 

[0103] The coltoidal 8ilk», heteropolyadd or other oxicfizing agent, as well as the type and amount of organic add 
40 and the plH, were changed as shown In T^le 7. and the etching rates and polishing perfonmance on copper films were 
evaluated in the same manner as Example The results are shown In l^le 7. 

[0104] The sificotungstk: acid used was a produd of Wako Junyaku Co., Ltd. The phosphoromolytKik: add and fumed 
alumina were obtained In the same manner as those in Table 6. 
[010S] The pH was also adjusted by addition of KOIH where necessary. 
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[01 06] According to the results fn Table 7. the etching rates were 25 A/min or less In Examples 6C to SC. The removal 
rates were 4200 A/mln or greater, which were sufficient rates of polishing. Also, very few scratches were found, and 
thus no problem was posed. On the other hand, Comparative Example 3C exhibited the problem of a high etching rate 
and considerable dishing, while Comparative Example 4C exhibited the problem of a large number of scratches. 

5 

Example 9C 

[0107] An aqueous dispersion for CMP adjusted to pH 4 with KOH was prepared by dissolving 5 wt% of eillconratytKiic 
acid (product of Wako Junyaku Co., Ltd.) and 2 wt% of malonic acid (product of Wako Junyaku Co., Ltd.) In water and 

to further dispersing 3 wt% of colloidal silica with a primary partkde size of 15 nm. 

[01 08] A blanket wafer with an aluminum layer was immersed in the aqueous disperston at 25*C for 30 minutes, and 
the film thickness loss after 30 minutes was detemnined by measuring the sheet resistance wHh a resistance measuring 
instrument (Model Sigma 5. product of NSP Corp.) according to the Aerobe method; the etching rate was calculated 
and found to be 1 5 A/hnln. Also, an B-lnch thermal oxidation film-coated silicon wafer coating aluminum film (film thtok- 

'5 ness: 6,000 A) was set in a chemical mechanical polishing apparatus (Model "EPO-1 12", product of Ebara Corp.), and 
a porous polyurethane polishing pad (product name: "IC1 000" by Rodel Nitta Corp.) was used for polishing with a load 
at 300 g/cm2, jyxq urethane pad surface was subjected to one minute of rotary polishing with the table at 1 00 rpm cmd 
the head at 1 00 rpm while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as 
measured with an Omnimap RS-75 (product of KLA-Tencor Corp.] was 3200 A/mln. The WIWNU was measured by 

so the same method as Example 1 A, resulted In that 3 o was 19.2%. Also, cabulation of the number of scratches (Kt) 
produced on the entire polishing surface with a wafer surface matter scanning apparatus ("Surfacescan SP1 *, product 
of KLA Tmcor Co., Ltd.), yiekled a result of 3 scratches per unit area A wiring-patterned wafer was also 30% over- 
polished, and the dishing of a 100 ^m wiring width was evaluated to be a satisfactory 9S0 A. 

25 Examples 1 0C-1 1 C, Comparative Exanyte 5C 

[0109] The coltoidai sQk». heteropotyadd or other organk: acid, as well as thelype and amount of organk: acid and 
the pH, were changed as shown in Table 8, and the etching rates and polishing performance on aluminum films were 
evaluated in the same manner as Example 9C. The results are shown in Table 8. 
30 [0110] The pH was also adjusted by additton of KOH where necessary. 

[0111] According to the results In Table 8. the etching rates were 25 AAnIn or teas in Examples 9C to 11C. The 
removal rates were 2500 A/jnin or greater, whteh were suff Ident rates of polishing. Also, very few scratches were found, 
and thus no problem was posed. On the other hand, Comparative Example 5C exhibited the ^mibleme of a high etching 
rate, considerable dishing and a large numt>er of scratches. 
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[01121 There is provided an aqueous di^ersfon for CMP with an excellent balance between chemical etching and 
mechanfcal polishing performance. The aqueous dispersion for CMP of the Invention is characterized by comprising 
an abrasive, water and a heteropolyacld. Another aqueous dispersion for CMP according to the invention is charac- 
terized by comprising an abrasive, water, a heteropolyacld and an organic add. Yet another aqueous dispersion for 
5 CMP according to the invention is characterized by comprising colloidal silica with a primary particle size of 5-100 nm. 
water and a heteropolyacld. Preferred for the heteropotyacid is at least one type selected from among eiiteomotybdic 
acid, phosphorotungstic acid, silicotungsdc acid, phosphoromolybdic acid and silicotungstomolybdlc add. Prefen^ 
for the organic add is at least one selected from among oxalic add. maionic add, succinic add, glutaric add, adipic 
add, maleic add, fumaric add, phth^ic add, malic add, tartarto add and dtric add. 

10 

Ctaims 

1 . An aqueous dispersion for chemical mechanical polishing characterized by comprising an abrashfe, water and a 
15 heteropolyadd. 

2. An aqueous dispersion for chemical mechanical polishing according to claim 1 , characterized in that sM heter- 
opolyacld is at least one selected from among sillcomolybdic add, phosphorotungstic add, slllcotungstic add, 
phosphoromolybdic acid and sllicotungstomoiybdic add. 

20 

3. An aqueous dispersion for chemical mechanical polishing according to dalm 1 , characterized bf being used for 
polishing of a polishing surface with a tungsten film. 

4. An aqueous dispersion for chemical mechanical polishing according to daim 1 , characterized by being used for 
polishing of a poiishing surface with at least one from among copper films, alumlnumfllms, ruthenium films, tantalum 
films, titanium films and platinum films. 

5. An aqueous dispersion for chemical mechanical poiishing according to daim 1 , characterized in that upon contact 
with the metal layer of a polishing surface, the etching rate of aald metal layer is 100 A/hnIn or less. 

so 

6. An aqueous dispersion for chemical mechanical polishing, characterized by comprising an abrasive, water, a het- 
eropolyadd and an organic add. 

7. An aqueous dispersion for chemical nrtechanical polishing according to daim 6, characterized in that saki heter- 
35 opolyacid is at least one selected from among silicomotybdic add, phosphorotungstic acid, slllcotungstic acid, 

phosphoromolybdic add and slKcotungstomotybdlc add. 

B. An aqueous dispersion for chemical mechanical polishing according to dalm 6, characterized in that said organic 
add has two or more cart)oxyl groups In one molecule. 

40 

9. An aqueous dispersion for chemical mechanical polishing according to daim 8. characterized in that said organic 
add Is at least one selected from among oxalic acid, maionic add, succinic add, glutaric acid, adipic add, maleic 
add, fumaric add. phthalic add, malic add, tartaric add and citric add. 

48 10. An aqueous dispersion for chemical mechanical polishing aocorcfing to daim 6, characterized by t>eing used for 
polishing of a polishing surface with a tungsten film. 

11. An aqueous dispersion for chemical mechanical polishing according to dalm 6, characterized by being used for 
polishing of a polishing surface with at least one from among copper films, aluminum films, ruthenium films, tantalum 

so films, titanium films and platinum films. 

12. An aqueous dispersion for chemical mechaniced polishing, characterized by oomprisir^ coiloidal silica with a pri- 
mary particle size of 5-100 nm, water and a heteropolyadd. 

53 13. An aqueous dispersion for chemical mechanical polishing according to claim 1 2. characterized in that said colloidal 
silica is colloidal silica obtained by hydrolysis and condensation from an alkoxysHane. 

14. An aqueous diversion for chemlca! mechanical polishing according to daim 1 2, characterized in mat said heter- 
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opolyacid is at teast one selected from among sHlcomotybdlc acid, phosphorotungstic add. silcotungstfc acid, 
phosphoromolybdlc acid and sincotungstomolybdlc add. 

15. An aqueous dispersion for chemical mechanical polishing according to claim 12, characterized by further compris- 
5 ing an organic add. 

16. An aqueous dispersion for chemical mechanical polishing according to d^ 12, characterized lyy being used for 
polishing of a polishing surface with a tungsten fiim. 

fO 17. An aqueous dispersion for chemical medianical polishing according to dalm 12, characterized by being used for 
polishing of a polishing surface with at teast onefrom amongcopper films, aluminum films, ruthenium films, tantalum 
films, titanium films and platinum films. 
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